Crystal structures and magnetic properties of Pt-Mn-Sn alloys have been investigated by means of X-ray and magnetic analysis. It has been found that the Cl-or Clb-type compound PtMnSn exists in the Pt-Mn-Sn system and forms temperature.
I. Introduction
The Clb-type ferromagnetic intermetallic compounds PtMnSb, AuMnSb, RhMnSb and PtMnSn have been range of the single phase near the stoichiometric composition, the former three compounds have been found to have nearly similar magnetic properties to those of Heusler alloys(5). However, many points remain unclear for the compound PtMnSn which is only known to be a fluorite-type ferromagnetic substance. The purpose of this paper is to present the experimental results of a recent detailed study of this compound.
II. Experimental Procedure
The purities of the alloying elements were 99.98% for Pt, 99.999% for Mn and 99.99% for Sn. The required amounts of Pt, Mn and Sn were vacuum tube. The elements were melted in an electric furnace and then plunged into iced water. Figure 3 indicates a comparison between the diffraction patterns in the slowly cooled and waterquenched states for alloy No.20 in the ternary alloy system. The intensity of the (111) diffraction line is fairly large in the water-quenched state, but in the slowly cooled state the intensity is small and the dif- (220), (400), (422), (440),... This indicates the alloy to be of the fcc-type Bravais lattice. Table 1 shows the measured and calculated values of density, and there is a good agreement between the two sets of the values. The latter values are calculated from the lattice parameter derived from the X-ray diffraction data for the stoichiometric alloy in the water-quenched state on the assumption that there are four atoms per unit cell, respectively. Qualitative analysis of the intensity of the diffraction lines suggests that alloy No.20 has a structure similar to the CaF2 (Cl)-type structure or the MgAgAs (Clb)-type structure of higher ordering.
Under the assumption that the crystal structure of the alloy is of the Clb type, the investigation of the structure factor F shows that the sites for Pt, Mn and Sn atoms are 4a:, 4b: and 4d:, respectively. In case h, k and l are odd numbers,
(1)
In case h, k and l are even numbers and (h+k+l)/2 =2n+1 (2) In case h, k and l are even numbers and (h+k+l)/2 =2n,
If this alloy is assumed to be of the Cl-type crystal structure, |F|2 is
This differs from the value obtained with. the Clb-type alloy as long as h, k and l are odd numbers, because the arrangements of Mn and Sn atoms at the 4b and 4d sites become irregular. However, the alloy used for the experiment is in a non-equilibrium state due to water quenching, and moreover Pt has a very large square of the scattering factor (cf. formulas (1) and (4)). For this reason, the experimental data are insufficient for determining whether the crystal structure of the alloy is the Cl-or the Clb-type which depends on the ordering of Mn and Sn atoms. An experiment must be carried out for the alloy in the slowly cooled state in order to confirm the crystal structure. A part of the X-ray diffraction data on the alloy Pt1.00Mn1.00Sn1.00 subjected to slow tion line (111) Table   3 shows the calculated data on the relative intensities of the representative diffraction lines (111), (200) and (220) which correspond to the assumed different atomic arrangements for the compound Pt1 .00Mn1.00Sn1.00 For (5) (6) (7) |F|2 for type number 7 are given as follows:
For (8) examine the correlations between the relative integral intensities of the diffraction lines in the slowly-cooled state and the various types of the crystal structure, it appears that the transition processes from the Cl-type (Type number 1) to an analogous B2-type (Type number 7) and from the Clb-type (Type number 4) to an analogous L21-type (Type number 8) must be studied. Figure 4 shows the relationship between the Fig. 4 Change of relative intensity with increasing occupation probability of Pt atoms at the 4c site of compound Pt1.00Mn1.00Sn1.00. Table 4 shows the heat treatment dependence of the crystal structure for 16 representative Pt-Mn-Sn alloys whose crystal structures have been identified by the Debye-Scherrer method. A relatively low heating temperature after water-quenching was utilized in consideration of the rearrangements of Pt atoms in the compound by the heat treatment. Referring to the table, it is clear that the alloys subjected to water quenching or slow cooling reveal diffraction lines of different structure types with separation from the stoichiometric composition (cf. Figs. 1 and 2) . In compositions of Sn concentrations lower than the stoichiometric composition there appears a mixed phase of the Cl-or Clb-type with the L12 (PtMn3) or the L10 (PtMn) type which can be observed in binary alloys; in compositions of lower Pt concentrations, a mixed phase of the Cl-or the Clb-type with the B82 (Mn1.77Sn) or the C16 (MnSn2) type; in compositions of lower Mn concentrations, a mixed phase of the Clor the Clb-type with the B81 (PtSn) or the hexagonal (Pt2Mn3) type and the diffraction line (111) shows weakening and broadening. In a word, the solid solutions of the Cl-or the Clb-type in this ternary alloy system have a fairly wide composition range, and even in the mixed phase region they exist over a very wide composition range. Figure 5 shows the lattice parameters as a function of the ratio of Mn atoms calculated from the diffraction lines of the Cl-or the Clb-type for 11 Pt-Mn-Sn alloys in which the atomic ratio between Pt and Sn was made nearly equal and the ratio of Mn atoms was changed from 0.82 to 1.18. As can be seen from the figure, the parameter at the Mn atomic ratio of 0.86 the ratio of 1.15. These results show that the lattice parameter does not change so remarkably with the ratio of Mn atoms. This implies that the alloys with Mn atomic ratios between about 0.9 and 1.12 show a single phase of the Cl-or the Clb-type, and also that the alloys with Mn atomic ratios greater or smaller than this composition range indicate a mixed phase of decreases gradually with rise in heating temperature. X-ray diffraction data under these various heating conditions show that the above phenomenon coincides with a gradual decrease of the relative intensityI (111)/I(220), suggesting that the partial rearrangements of Pt atoms occur in the compound during reheating. Figure 10 shows the temperature dependence of the Sn electrons rather than a direct Mn-Mn interaction as can be considered in typical Heusler alloys. But in the present case, nB is considered to be smaller than that for typical Heusler alloys because of the partial disordering of Mn atoms. In cases where the Mn content is larger than the stoichiometric composition, the excess Mn atoms will occupy the sites for Pt or Sn atoms, whereas in cases of smaller Mn contents the excess Pt and Sn atoms will occupy the sites for Mn atoms. In the case of an irregular atomic arrangement where the arrangement of Mn atoms becomes disordered seems to disturb an ideal s-d interaction under the stoichiometric composition, resulting in the decrease in nB.
IV. Conclusions
Crystal structures and magnetic properties have been investigated by means of X-ray and magnetic analysis on 39 alloys in the Pt-Mn-Sn system which were melted at high temperatures and then quenched into water or cooled slowly. The results obtained may be summarized as follows:
(1) The stoichiometric PtMnSn subjected to water quenching is an intermetallic compound of the Cl-or the Clb-type crystal structure and its lattice parameter (2) In the cases where the atomic ratio between Pt and Sn is made equal and the amount of Mn atoms is changed, the ternary alloys in a composition range from Pt1.05Mn0 .90Sn1.05 to Pt0.94Mn1.12Sn0.94 are solid solution of the Cl-or the Clb-type, and their resembles the dependence of nB and Tc on Mn content.
(5) Since the arrangement of Mn atoms in the compound PtMnSn of the Cl-or the Clb-type are considered to be in a partially disordered state, nB for the compound is assumed to be smaller than those for ordinary Heusler alloys.
